The agriculture sector has circumpassed a massive revolution in the past few decades. Old conventional practices and modern innovative techniques have complemented each other well. Applications of fertilizers have increased the crop yield, but its higher concentration has offered detrimental effects. Farmers often exceed the pre-requisite limit and this exaggeration denatures the soil and this aggravates various ecological repercussions. To tackle this complication, organic bio fertilizers have emerged as a sustainable, eco-friendly substitute and cost-effective approach. The objective of the present experimental setup is to investigate the effects of fertilizer ammonium Sulphate and biofertilizer agrozyme at the cytological level in the root meristems of barley and to trace out a safer crop enhancer between the two. Various concentrations of fertilizer and biofertilizer used were 50%, 100%, 150%, 200% each, along with a control set. Chromosomal studies revealed a considerable impact on Active mitotic index which depicted a consistent increment in the case of bio fertilizer, but appeared to decline at higher doses in the case of fertilizer, with respect to the control. Various chromosomal anomalies were observed, such as scattering, precocious movement, stickiness, fragmentation at metaphase and stickiness, laggard, unorientation, bridges etc. at anaphase. Percentage of these abnormalities was higher in the case of fertilizer. Conclusively, it is inferred that Bio fertilizers are mitotically accelerating and chromotoxically much safer as compared to fertilizers and should be promoted for agro-system to obtain sustainable crop improvement.
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Barley, root meristems, Active Mitotic Index (AMI%), Total abnormality percentage (TAB%), Ammonium Sulphate, Agrozyme Humans, since ancient times have been using cereals as food crops which have played the role of the basic staple diet aiding to the nutritional parameters. Agriculture sector has largely relied on their cultivation to meet the food demands of the globally increasing population. However, the aspirations of the present day world for urbanization and the predominant industrialization has successfully transformed the croplands into sophisticated urbanized sectors and resulted in contraction of the farming land. Along with this, the constant exponential increase in population has further amplified the food crisis. The situation has earnestly affected the food demands of the world and has resulted in a hunger calamity leading to prevalence of malnutrition across the globe. To tackle this prevalent food crisis, modern breeders utilize high yielding varieties, apply efficient pathological measures, and seek valuable assistance from the biotechnological world also. Farmers rely on a combination of conventional breeding techniques and artificial fertilization. They endeavour to enhance the nutritional and fertility quotient of the soil, leading to soil enrichment with these essential nutrients; this is then mobilized by the plant systems. Inorganic fertilizers occupying an indispensable space in agriculture section are nutrient supplements catering to the elemental necessities of the crop plant, constituting primarily of nitrogen, phosphorus etc. However, their excessive usage has complemented the ecosystem with a series of ecological repercussions, malignating the terrestrial and aquatic life.
However, inappropriate addition of these chemicals results in large, unnecessary losses to the environment with profound influences on the ecosystem. Percolation of the fertilizers into the earth's crust through surface runoff altercates with the soil pH. Their indiscriminate use contributes in loss of soil productivity along with addition of salts to the soil (Aggani 2013). Fertilizer chemicals can also cause health problem affecting immune responses in human beings (Gill 1995; Goldburg 1992; Wolfe 2001) . Hence, there is an utmost need to find a substitute to these inorganic supplements. Organic farming is thus proposed as a better suited and eco-friendly approach for sustainable agriculture. Bio fertilizer is a substance which contains living microorganisms which when applied to seed, plant surfaces or soil, colonizes rhizospheres or interior of the plant and promotes growth by increasing the supply of primary nutrients to the host plan (Vessey 2003) . These are sustainable substitute, enriching and nurturing the soil with various elements and alleviating ecological issues. In the past, many experiments were conducted to study the effect of bio fertilizer alone or in combination with other chemical fertilizers (Patel et al. 1992; Prasad and Prasad 1994; Ghosh et al. 2000) , to generate comparisons. But, still an extensive, tedious probe is required to reach up to a conclusion.
Henceforth, the present experiment has been designed and destined to work out on the various cytological aspects of fertilizer (Ammonium sulphate) and bio fertilizer (Agrozyme), to generate their positive and negative aspects on the plant cell cycle (mitosis) and overall development. Mitotic examination of the plant is perceived because it is an important parameter for determining the rate of root growth (Liu et al. 1992) , which can be visualised to assess overall responses. This cytological study is centralised on the root tips of barley (Hordeum vulgare L.). Barley is a cereal crop with chromosome complement 2n=14, selected because of its multifunctional uses. The plant is of worldwide economic importance, posing cancer preventive properties due to lunasin, a recently discovered peptide (Lumen 2008) . Ammonium sulphate [(NH 4 ) 2 SO 4 ] is primarily used as fertilizers, beneficial for alkaline soil. In soil, it forms ammonium ions, lowers the pH. Agrozyme is a bio fertilizer, used for agricultural practices.
MATERIALS AND METHODS

Procurement of seeds
Pure inbred variety of seeds of Barley (Hordeum vulgare L.) were obtained from SHIATS, Naini, Allahabad.
Seed germination
Fresh healthy seeds of barley were separated and water soaked on petriplates. Within two to three days, seeds sprouted giving off healthy roots.
Treatment
For the treatment, roots were separated into various sets and dipped in graded aqueous concentration (prepared by using Dilution method) viz. 50%, 100%, 150%, and 200% of ammonium Sulphate and agrozyme solution, respectively for duration of three hours. A control set was also maintained simply by placing roots in pure distilled water for 3 hours.
Fixation
Post treatment, the roots were fixed in Carnoy's Fixative (Alcohol : Glacial Acetic Acid in 3:1 ratio) at an appropriate time. After 24 hours, roots were transferred in 90% alcohol for preservation and were ready for cytological observation.
Slide Preparation
The hydrolysis of root tips was done in 1 N HCl at 55 o C temperature. After that, the roots were thoroughly washed under running water, followed by staining using 2% acetocarmine stain. These stained root tips were excised and used for slide preparation by Squash technique. Slides were observed under microscope and photo snapped using PCTV software. 
Formula used for calculation
RESULTS
The present cytological assay revealed the chromosomal behaviour of Barley root meristems in response to ammonium sulphate and agrozyme. It was experienced that the AMI which is an important parameter to establish a correlation for the growth responses, was profoundly affected. Mitotic activity showed an instant acceleration in both the sets. In the case of control, the AMI was calculated to be 11.82%. The data for AMI has been presented in Table 1 and Figure 1A . A continued stimulation in AMI was reported in the case of agrozyme (organic manure). However, in the case of ammonium sulphate, the mitotic activity showed a quick positive ascent at lower doses, but with increasing concentration, AMI started retarding. AMI at the lowest dose (50%) in the case of ammonium sulphate was 12.20 %, whereas it was recorded 12.82%. in the case of agrozyme. Further increase in AMI was experienced at 100% concentration in both the cases. But a negative impact was reflected on AMI at 150% and 200% concentration in the case of ammonium sulphate. Here, calculated AMI were 13.20% and 11.03%, respectively. On contrary, a constant acceleration in AMI was recorded in response to agrozyme at higher concentration of 150% (15.35%) and 200% (16.05%).
Chromosomal organization and its structural entity were also visualized which deciphered a significant chromosomal influences of fertilizer and bio fertilizer on plant cytology. Chromosomal behaviour was normal in the control set showing 2n=14 chromosomes at metaphase plate ( Fig. 2A) and 14:14 separation at anaphasic plate (Fig. 2B) . However, increasing concentration of treatment showed a proportionally ascending trend for induction of chromosomal abnormality. But chromosomal aberrations were more pronounced in ammonium sulphate treated sets as compared to agrozyme, which is documented in the form of higher Total Abnormality Percentage (TAB%) at each respective dose. Figure 3 depicts trend of TAB% in the two sets. TAB% was least at the lowest concentration i.e. 1.16% and 2.85% in the case of agrozyme and ammonium sulphate, respectively. At 200 % concentration, TAB% was computed to be 7.68% for agrozyme and 9.27% for ammonium sulphate. Chromosomal abnormalities encountered were viz. c-mitosis (Fig. 2C) , scattering (Fig. 2D), fragmentation (Fig. 2E) precocious movement (Fig. 2F) at metaphase whereas anaphasic anomalies included unorientation (Fig. 2G ), asynchronization at anaphase (Fig. 2H) , stickiness (Fig. 2I) , laggards (Fig.  2J ), forward movement (Fig. 2K ) and bridge formation (Fig. 2L) . Stickiness was the most predominant abnormality in the case of fertilizer at both metaphase and anaphase.
DISCUSSION
The cytological study revealed that higher concentrations of fertilizer are potential chromotoxic chemicals, whereas biofertilizers are mitopromoting. Ammonium sulphate was encountered to be mitodecelerating at higher doses, affecting normal mitotic cycle, probably by affecting various crucial enzymatic steps involved in the cellular responses. The mitodecelerating affect of fertilizers on AMI at higher dose was also reported by Abraham and Nair (1989) in Vicia faba, Bhatta and Sakya (2008) in Allium cepa. Tabur and Oney (2009) reported decline in mitotic index at elevated concentrations in Vicia hybrida. The low AMI concludes that perhaps fertilizers block the mitotic cycle at interphase or inhibit DNA synthesis (Sudhakar et al. 2001, Mohandas and Grant 1972) . Okamura et al. (1984) found that, ammonium ions inhibit cell division in protoplast cultures of some Asteraceae plants, viz Artemisia vulgaris L., Chrysanthemum indicum, and Chrysanthemum zawadski Herbich. These synthetic chemicals also aggravate chromosomal identity. Abraham (1997) found that fertilizers produced a significant increase in chromosomal aberration. Similar observations were also obtained by Kumar and Naseem (2011) , Kumar and Gupta (2008) . But in the case of biofertilizer, an increase in metaphase and anaphase percentage was observed, perhaps due to lengthening of their duration (Sohbi and Haliem 1990, Abdel-Salam et al. 1997) , resulting in the acceleration of AMI. Positive responses for organic fertilization have also been confirmed in chickpea El-Kramany et al. 2009) .
Chromosomal abnormalities were observed in both the cases, but more pronounced in the case of fertilizers. According to Abraham (1965) , ammonium sulphate produced chromosome break and other abnormalities in cell divisions in Allium cepa. Stickiness was the major abnormality; it might have resulted from the defective functioning of nonhistone protein involved in the chromosomal organization, which are needed for chromosomal separation and segregation (Gaulden 1987) or due to the entanglement of interchromosomal chromatin fibers that leads to sub chromatid connection between chromosomes (Klasterka et al. 1976) . A considerable frequency of c-mitosis was seen. Phenomenon of C-mitosis was first reported by (Levan 1938) in root meristems of Allium cepa L. as disruption of the spindle fibres leading to the random scattering of the condensed chromosomes.
Precocious movement of metaphasic chromosomes is characterized as disorientation of normal chromosome at equatorial plate, leading to isolation of chromatid from whole cluster of chromosomes. This probably occurs because of spindle fibres dysfunctioning. It may also occur because of early terminalisation of chromosomes (Permjit and Grover 1985) . Chromosome fragmentation results from multiple breaks of the chromosome leading to a loss of chromosome integrity (Grant 1978) . Although, frequency of fragmentation was low, but their occurrence clearly implicates clastogenecity of the chemicals. Unorientation and scattering of chromosomes may be either due to the inhibition of spindle formation or the destruction of spindle fibres formed (Kumar and Rai 2007) .
Anaphasic bridges are an outcome of the breakage and union of chromosomes (Haliem 1990) or these may also occur because of stickiness of chromosomes (El-Khodary et al. 1990 ) and subsequent failure of free anaphasic separation or inversion of chromosome (Najjar and Soliman 1980) . Lagging of chromosome occurs when spindles fail to withhold the chromosome affectively which leads to delayed and improper separation from equatorial plate resulting in lag behind of chromatids. It may also occur due to late chiasma terminalisation (Pagliarini 1990 ). Tarar and Dnyansagar (1980) said that due to the effect of mutagens the spindle fibre failed to carry the respective chromosome to polar region, resulting in laggards. Depolymerisation of spindle fibres may cause shifting of poles at metaphase and anaphase and may result in unorientation (Mederios and Takahashi 1987) .
These observations clearly affirmed that although fertilizers offer conventional farmers a chance of increasing crop productivity, but also raises ecological concerns. On the other hand, bio fertilizers are eco-friendly and sustainable alternatives. The excessive use of nitrogen fertilizers represents the major cost in plant production and deterioration of soil fertility (Fisher and Richter 1984) , their unconscious uses have threatened human health (Verhoog et al. 2003) . Excessive nitrogen fertilizer applications lead to pest problems by increasing the birth rate, longevity and overall fitness of certain pests (Jhan 2004 ). Thus, fertilizers should be used in pre-requisite quantities for best yield results. On the other hand, bio fertilizers have been approved to be natural soil amenders, without inducing any adverse affect on the edaphic profile, micro flora and micro fauna and hence are primarily recommended for agricultural programmes. Henceforth, it is important to realize the useful aspects of bio fertilizers and implement its application to modern agricultural practices (Bharadwaj et al. 2014 ).
CONCLUSION
The above forementioned cytological account clearly elucidates the action of ammonium sulphate and agrozyme on the cytology of Barley plant. It is revealed that agrozyme is a potential mitoaccelerator, whereas ammonium sulphate is mitodepressive at higher doses. Ammonium sulphate leads to clastogenecity, however comparatively lesser abnormalities were found in response to agrozyme. Decisively, organic farming can prove to be plausible ameliorators of the persistent agro-pollution, with adequate potential for increasing the crop yield along with sustainable resource utilization.
Hence, it is concluded that Biofertilizers are more mito-acelerating, less chromotoxic and ecologically safer than Fertilizers. An attempt to drift the agricultural world towards organic fertilization is the necessity for the maintainence of the sustainability and the sensitive ecological equilibrium of this world.
